. To explain the rise of potassium excretion under such conditions, it has been suggested that the delivery of larger than normal amounts of sodium to the distal tubule, the nephron site where most of potassium secretion normally takes place, is the key element and responsible for the observed stimulation of potassium secretion (3). However, the precise mechanism of the stimulating action of sodium upon potassium secretion has been elusive. Normally, the amount of sodium entering the distal tubule and reabsorbed along this nephron site exceeds the rate of potassium secretion by at least an order of magnitude (12, 13, 3 1, 32 In animals on a control diet, the infusion of a saline load is more effective in inducing urinary potassium loss than is the administration of an urea-sodium load given at the identical rate of infusion. This difference manifests itself by the lower absolute and fractional potassium excretion rates at low, moderate, and high urine flow rates in the saline-urea-loaded animals. A second important finding concerns the very marked differences regarding the magnitude of the kaliuresis which obtained in low-and high-potassium animals. The kaliuresis induced by the very substantial intravenous saline loading is severely blunted in potassium-deprived rats with peak urinary excretion rates of potassium at the highest saline infusion rates not exceeding some 4 % of the filtered load. In sharp contrast, the peak kaliuresis in animals on a control or a high-potassium intake is significantly greater, reaching values of some 36 and 73 % of the filtered potassium load, respectively.
Similarly, the urinary potassium excretion is consistently less in low-potassium rats at the low and moderate infusion rates as well, varying between 1 and 2.5 % in low-potassium animals. These values are at least one order of magnitude less than comparable potassium excretion rates in control and high-potassium animals.
It should be noted that in animals on a control diet the lower potassium excretion in urea-saline-loaded animals as compared to saline-loaded animals is associated with lower sodium excretion rates. As described in detail elsewhere (38), the fractional sodium excretion was 1.00 rt 0.005 % and 4.7 1 =t 0.08 % of the filtered load during moderate and high urine flow rates in urea-saline-loaded animals as contrasted to fractional excretion rates of 3.80 rt 0.01 % and 9.3 =I= 0.01 % in saline-loaded animals.
On the other hand, the highly significant differences in potassium excretion which were observed in low-and high-potassium animals receiving increasing urea-saline loads were not associated with major differences in urinary sodium excretion.
Micropuncture Data
Proximal convoluted tubule. In the course of our investigation, the effect of saline loading upon proximal tubular potassium transport in animals on a control diet was evaluated. Figure 1 summarizes distal tubular data from experiments in rats on a control diet. The data are divided into three groups according to the rate of saline infusion.
In the upper set of panels, from left to right, the progression of potassium TF/P ratios ((TF/P),) is plotted as a function of distal tubular length at low, moderate, and high infusion rates of saline. Confirming previous data from this (29, 3 1, 32, 45) and other laboratories (5, 28, 42), we observed an increase along the distal tubule of (TF/P)K from values less than unity to values exceeding 2.0. It is also apparent that the delivery of progressively larger fractions of proximal tubular fluid into the distal tubule does not substantially affect the relationship between (TF/P) K and tubular length. Accordingly, despite some scatter, during widely different distal tubular volume flow rates, the values of early and late distal tubular (TF/P)g fall into a similar range. The slopes relating potassium concentration ratios to tubular length are statistically not different from each other. Thus, an important conclusion from these findings is that the tubular potassium concentration is remarkably constant over a wide range of tubular volume flow rates. Table 3 provides a summary of distal tubular flow rates resulting from the sequence of saline or urea-saline loading in control, high-, and low-potassium animals.
Since the tubular potassium concentrations remain constant over the experimental range of flow rates, it is to be expected that the delivery of larger fractions of the glomerular filtrate into the distal tubule would effect an increase in net potassium secretion. Indeed, it can be seen ( Fig. 1 ) that an amount equivalent to some 20 % of the filtered potassium load is present at the end of the distal tubule in animals receiving the smallest saline load, whereas some 40 % are present in the animals receiving the highest saline load. It should be noted that some potassium may be reabsorbed along the collecting ducts in the animals during low-urine flow rates (left panel), since the fractional amounts of potassium in the final urine are frequently less than at the late distal tubular level. We have previously made similar observations in hydropenic rats (29, 31). In contrast, at the two higher flow rates the amount of potassium is not affected in a major way by the activity of the collecting duct epithelium. This is apparent from the lack of any changes in the slopes relating (TF/P) K/In to distal tubular length with increasing distal flow rate. Significant net secretion was absent at all flow rates, and only some 5-6 % of the filtered potassium load was present at both the early and the late distal tubular level at the different flow rates achieved. The fact that a moderate increase of urinary potassium excretion, from less than 1 % at the lowest to some 4 % of the filtered load at the highest flow rates, was observed in the low-K group of animals can be accounted for by the progressively less effect reabsorption of potassium across the collecting duct epithelium as tubular volume flow rate increased.
Diezi et al. (18) have previously shown by puncture of single collecting ducts in potassium-deprived rats that active potassium reabsorption is a consistent finding at this site. The present study indicates that this process becomes less effective with an increase in tubular flow rate into the collecting duct system. Table 5 provides a summary of distal tubular recollection data during saline loading in the different experimental group. Data from control experiments are also shown. In this group of animals the saline infusion at the lowest rate ( 1.5 ml/h) was continued throughout the experiment, and the same distal tubule was repunctured over a time course of 30-60 min. The finding that the (TF/P),/I, remains at a value not significantly different from unity indicates that the recollection method is applicable under the experimental conditions of this study. The data shown in Table 5 segment. This is documented by the augmentation of (TF/P)K/rn ratios during both moderate and high urine flow rates which becomes highly significant at the higher flow rates. Again, a different behavior is typical of the animals maintained on a low-K diet. As evidenced by the constancy of the (TF/P)K/In ratios during all diuretic states, the fraction of potassium found at each site along the distal tubule remains unchanged despite a more than lo-fold increase in distal tubular flow rate. A comparison of the absolute secretion rates of potassium in the several experimental conditions confirms the conclusions derived from consideration of fractional transport rates. Figure 2 provides In sharp contrast, in animals on a low-potassium diet, distal tubular potassium transport was not affected by flow augmentation.
As pointed out before, this is due to the fact that the increase in distal flow rate is accompanied by a proportionate decrease in tubular potassium concentrations.
Accordingly, the enhancement of distal flow rate is ineffective in stimulating distal tubular potassium secretion. Figure 3 The data summarized in Figs. 4-6 further underscore the importance of distal tubular sodium delivery, sodium reabsorption, and distal tubular sodium concentrations with respect to the rate of transepithelial potassium transfer. Figure 4 summarizes data obtained during saline loading which were derived from measurements of tubular flow rate and of tubular potassium and sodium concentrations. It is apparent that with the enhancement of sodium delivery into the distal tubule, the absolute rate of potassium secretion along the distal tubule increases. We have not observed any saturation of the latter process, even at the highest sodium loads achieved.
An assessment of the relationship between distal tubular sodium reabsorption and potassium secretion in animals on different potassium aintakes, reveals significant differences in the tubular exchange ratio of these ions. Figure 5 summarizes relevant data on potassium secretion in control, potassium-fed, and potassium-deprived rats. As shown in Fig. 2 these maneuvers greatly modify the response of the distal tubular potassium secretory system to an increase in tubular flow rate. Net addition of potassium to the distal tubular lumen receives a powerful stimulus from distal fluid delivery in animals on a control or high-potassium intake, whereas this augmentation is absent in low-potassium rats. In sharp contrast to the situation with respect to potassium, the dietary pretreatment had no major effects upon the sodium transport pattern across the distal tubule. The exchange ratio of potassium secreted/sodium reabsorbed is high in high-K animals and declines with falling potassium intake. Thus, a sliding exchange ratio of K/Na exists, its magnitude being primarily related to the strength of the stimulus for potassium secretion.
Inspection of Fig. 6 demonstrates that there also obtains a fairly linear relationship between the amount of potassium secreted and the tubular concentration of sodium when the latter is varied by increasing the solute delivery into the distal tubule. As pointed out in other papers from this laboratory (23, 28), the tubular sodium concentration along the distal tubule, particularly its later part, increases in proportion to the increment of fluid delivered to this nephron site. Thus, the delivery of larger fractions of the glomerular filtrate into the distal tubule is followed by an increase in tubular sodium concentration, in net tubular sodium reabsorption, and in net potassium secretion. 
DISCUSSION
The most important finding of our experiments is the dramatic increase in distal tubular net potassium secretion which occurs in all but the potassium-deprived animals subsequent to the delivery of larger than normal amounts of fluid into the distal tubule. Figure  7 summarizes the effects of increasing distal tubular volume flow rate upon distal tubular potassium secretion. Two points should be noted. First, augmenting distal tubular fluid delivery en-1257 hances potassium secretion in rats on a normal and on a high-potassium intake. In contrast, net potassium secretion was absent in animals kept on a low-potassium diet. In these animals, increasing fluid delivery to the distal tubule was conspicuously ineffective in stimulating potassium secretion: net potassium secretion remained absent at even the highest distal flow rates. Second, it is also clear from inspection of Fig. 7 that the magnitude of the stimulatory effect of distal flow rate upon potassium secretion was affected by the state of the potassium secretory system. Similar increments in fluid delivery are much more effective in inducing augmented potassium secretion in high-K animals than in animals kept on a normal potassium intake. It should also be noted that in animals on a control pod tassium diet loading with saline was moderately more effective in inducing distal kaliuresis than a urea-saline solution.
The (12) (13) (14) (15) 17) . A cross the peritubular cell membrane, a sodium-potassium exchange pump regulates potassium uptake into the tubule cell (7, 12, 17) , but from the observation that the rates of net sodium reabsorption and net potassium secretion across the distal tubular epithelium can be dramatically dissociated from each other (12, 17, 3 1, 32, 45) between active potassium uptake and sodium extrusion. Across the luminal cell membrane, another pump-leak system modulates potassium transfer. Potassium diffuses from the cell into the lumen across the partly depolarized cell membrane (pd lumen < pd peritubular). This secretory flux component is opposed by an active potassium pump which we have shown to be ouabain sensitive (7, 33) . In the rat on a normal or high-potassium intake, the luminal pump-leak system is poised toward net secretion, i.e., the potassium flux from cell to lumen exceeds that in the opposite direction.
In animals on a normal or high-potassium intake, the capacity of the "peritubular" potassium pump in the steady state must be large enough to compensate effectively for the significant egress of cellular potassium into the lumen which results from the increase in distal tubular flow rate. We consider the following to be the likely stimulus for increased peritubular potassium transport: an electrical driving force for potassium secretion, the normal sodium concentration at this nephron site is associated with near-optimal electrical potential levels. Accordingly, the role of sodium ions with respect to its electrogenic effect is thus a minor one, whereas its role in accelerating flow rate (flow factor) is of major importance. This interpretation of the role of sodium ions in potassium secretion also explains why the delivery of sodium-containing fluids into the distal tubule is more effective in stimulating potassium secretion than those which lower the tubular sodiu .m concentration.
A representati ve example is the more marked enhancement of distal tu .bular potassium secretion which follows the administration of isotonic or hypertonic saline loads (9) as contrasted to the less extensive kaliuresis after urea-saline (see Fig. 4 
